tracted considerable interest in marine geosciences for a long time with varied applications such as oil exploration, sedimentation processes, spreading of hazardous waste on the sea Aoor, etc. Distribution of the sediments determines the physical and chemical properties such as the viscoelastic nature of the sediment network, physisorption, and deposition of various species on the pore boundaries formed by sediments. A variety of heterogeneous substrates emerge due to various sedimentation processes involving streams, ocean currents, waves, wind, gravity, etc. [7] . The structure of the porous matrix depends not only on the type of sediments (i.e. , particles with various shapes and size distributions) and their interactions, but also on these sediment processes. Furthermore, many of the parameters of these sediment processes (i.e. , pressure gradient, fiow velocity field, etc.) vary with time. Thus, the structural analysis of pores [8, 9] itself constitutes a large area of investigation. Taking into account the ramification of the pores, however, poses one of the major difficulties in understanding the Quid Aow through the heterogeneous sediments [9] . Analytical methods are severely limited due to their intractability in handling the nature of nonlinearities in inhomogeneities in such systems. Computer simulations [2, 6] on the other hand may be useful in taking into account some of the nonlinearities, although they are limited to idealized model systems. We present here a computer simulation model to study Quid Aow through a porous system.
We consider a two-dimensional discrete lattice. Monodisperse sediments (i.e., the sediment particles of uniform shape and size comparable to lattice constant) are then distributed randomly in the lattice with no more than one particle per lattice site. Furthermore, the sediments remain immobile throughout the simulation. The empty sites constitute the pores, which are defied as the clusters of nearest neighbor empty sites. Thus, the random distribution of sediments generates a rigid porous media in which the size of the pores depends on the concentration (i.e. , the volume fraction) of the sediments [9] . The volume fraction of the pore space p, (i.e. , the porosity) is defined as the ratio of the number of pore sites to the total number of lattice sites; the volume fraction of the sediments is 1 -p, . The larger the p" the larger the probability of forming large pores. At smaller p"not only do we obtain smaller pores but the pores become isolated if we reduce p, below a certain value -the percolation threshold p"of the pores [8] . The size and shape of the pores and related geometrical quantities depends on the percolation mechanism [9] . We will restrict ourselves here to the rigid pores formed by random distribution of the monodisperse sediments.
Fluid particles are the placed in pore space of the host matrix; a pore site cannot be occupied by more than one fluid particle. Avoiding the multiple occupancy of a pore site by the Quid particles takes into account the hard™core interactions among the particles. In fact, we consider a short range (nearest neighbor) repulsive interaction among the particles as described below. We use a combination of direct and importance sampling techniques [10j: the direct sampling to select the direction of the move with the biased probability B and the Metropolis algorithm of the Monte Carlo method to move the Quid particles as follows. We select a particle say at site i and one at its neighboring site j according to the bias probability B. If site j is an empty pore site, then we evaluate the energy E, of the particle at site i and energy E2 of the particle in a configuration in which the particle (i) and the pore site (j) have exchanged their positions. The change in energy AE =E2 -E& is then evaluated. If AE is less than or equal to zero, then we move the particle finally from site i to site j. However creasing the lattice size. Since the current density Fig. 2 , a large slope with a larger lattice is not unexpected.
The charge density of the empty sites is fixed for all concentrations of fluid particles. The variation of permea- Fig. 3(a) , the variations in the data points at the higher porosity (p, =0.70) clearly show a nonmonotonic behavior even with ten independent runs. The curves are smoothed out with 100 samples as shown in Fig. 3(b) . These curves exhibit a conclusive nonmonotonic dependence at all porosity including p, =0.60. Note that the statistical error in the data points is reduced considerably on increasing the number of samples [compare Fig. 3(a) The change in permeability, however, seems to depend on the pressure gradient: The higher the gradient, the larger the change in permeability on varying the porosity (Fig. 3) . Note a large decrease in permeability at p, =0.6 when we increase the bias from 0.3 to 0.4. (The site percolation threshold [8] for the pore sites is about p"=0.592 and the porosity must be greater than this for the global fiuid flow. ) The porous media is very ramified at such a low porosity and even a small pressure bias reduces the permeability. The permeability is zero at p, below@"when the pores are isolated. At a fixed porosity (p, =0. 7) and fiuid concentration p =0. 3, the permeability first increases on increasing the pressure gradient (B above 0.25) but begins to decline on increasing B beyond a certain characteristic value (B, about 0.275) (see Fig.   4 ). Above this characteristic value, the bias begins to compete with the sediment barrier. The characteristic value of the bias seems to depend on the Quid concentration as well as on the porosity; the smaller the porosity, the lower the characteristic value of the bias. Although we observe a maxima in permeability at the characteristic value 8, about 0.30 at the Auid concentration p =0. 60, this trend is not as clear at all concentrations (i.e. , p =0. 4 , 0.5, 0.8). Thus, we see that permeability depends strongly on the porosity and pressure gradient. While the permeability decreases continuously on decreasing the porosity, the interplay between the sediment barriers and the bias leads to a nonmonotonic dependence of the permeability on the pressure gradient.
On increasing the drag, i.e. , the interaction between the substrate (empty pore sites) and the fiuid particles, we find that permeability drops abruptly (see Fig. 5 ). However, the nature of its dependence on the Quid concentration does not change significantly on increasing the drag.
We know that permeability is a cooperative quantity 
